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REMARKS 

Applicants note that the Summary page of the December 17, 2002 Office Action indicates 
that the Office Action is "Final." However, Applicants' undersigned attorney telephoned Examiner 
Cook on January 20, 2003 to inquire if the Office Action was in fact intended to be made Final. 
Examiner Cook stated that the first page was marked incorrectly and that the December 17, 2002 
Office Action is a non-Final Action. 

Claims 1-3, 5, 8, 12, 13, and 18-26 were pending in the application. Claims 1-3, 12, 13, and 
1 8-24 previously have been withdravm from consideration. Applicants have amended claims 25 and 
26 for clarity. The claim amendments do not introduce any new matter and thus, their entry is 
requested. Upon entry of the present Amendment, claims 5, 8, 25, and 26 will be currently pending 
— and under-examination-in-the application. - 

Objection to Drawings 

The Examiner indicated that the Drawings remain objected to by the Draftsperson. The 
Examiner has further acknowledged that Applicant has deferred corrective action until allowance. 

Objection to claims 5. 8. 25. and 26 

The Examiner has objected to claims 5, 8, 25, and 26 because the dependent claims do not 
refer to a previous claim. The Examiner has indicated that this rejection will be maintained until 
correction after allowance, at which time the claims will be renumbered. 

Rejection Under 35 U.S.C. $112. second paragraph 

The Examiner rejected claims 5, 8, 25, and 26 under 35 U.S.C. §112, second paragraph, as 
allegedly being indefinite. Specifically, the Examiner has taken the position that the claims do not 
clearly identify what the claimed antibodies will bind. 
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In response, without conceding the correctness of the Examiner's position, but to advance 
prosecution of the subject application. Applicants have amended claims 25 and 26 to more clearly 
identify for the Examiner the binding characteristics of the claimed antibodies and antibody 
fragments. These amendments do not alter the scope of the claims, but merely represent grammatical 
clarifications. As such, the claims, as amended, continue to clearly identify the particular osteocalcin 
fragments to which the claimed antibodies and antibody fragments will bind, namely, osteocalcin 
fragments selected from the group consisting of i) a fragment which spans from amino acid in 
position 7 to amino acid in position 30 of the amino acid sequence set forth in SEQ ID NO:2 in 
which all three glutamic acids in positions 17, 21 and 24 of said sequence are gamma-carboxylated, 
and ii) a fragment which spans from amino acid in position 6 to amino acid in position 30 of the 
amino acid sequence of SEQ ID N0:2 in which all three glutamic acids in the positions 1 7, 2 1 and 

24 of said-sequence are-gamma-carboxylated. Applicants maintain that-the claims,- as amended,- 

particularly point out and distinctly claim the subject matter that the Applicants regard as the 
invention. Accordingly, Applicants respectfully request that the Examiner reconsider and withdraw 
the rejection of claims 5, 8, 25, and 26 under 35 U.S.C. §112, second paragraph. 

Claim Rejections Under 35 U.S.C. §112. first paragraph 
Written Description 

The Examiner rejected claims 5, 8, 25, and 26 under 35 U.S.C. §112, first paragraph as 
allegedly containing subject matter which was not described in the specification in such a way as to 
reasonably convey to one skilled in the art that the inventors had possession of the claimed invention 
at the time the application was filed. The Examiner contends that only those monoclonal antibodies 
specifically disclosed in the specification, and not the claimed genus encompassing them, are 
adequately described, asserting that the several specified monocl onal a ntibo dies are not 
representative of the genus. The Examiner also has asserted that a genus defined only by functional 
activity is not adequate to meet the written description requirement, implying that such is the case 
here. Moreover, the Examiner has stated that reproduction of an identical cell line and antibody is 
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an extremely unpredictable event, implying that such reproduction is necessary for the practice of 
the instant invention. Finally, the Examiner refers to the Enzo case as supporting the need for a 
deposit to satisfy the written description requirement in this case. 

In response. Applicants respectfully traverse the Examiner's rejection. First, Applicants 
believe that the amendments to claims 25 and 26 will help the Examiner to better understand the 
claimed invention, particularly with respect to what the monoclonal antibodies and fragments will 
bind. Given this clarification, one of ordinary skill in the art will readily appreciate that the several 
^ecific disclose monoclonal^t^^ are fully representative of the claimed genus. The claim 
amendments help to point out that the members of the claimed genus of monoclonal antibodies and 
antibody fragments are^^t merely defined by functional activity^ Antibodies which bind to the 
specific fragments recited in the claims have specific structures that one of ordinary skill would 
readily- recognize. Jhis-combinationofstructuraland-functional-^ 

the claims and set forth in the specification provide all necessary information to indicate to one of 
skill in the art that the Applicants had possession of the invention at the time the application was 
filed. 

With respect to the Examiner's reference to the unpredictability of the reproduction of an 
identical ce ll line and antibod y,,Applicants point out that it is not necessary to produce an identical 
cell line or an identical antibody to practice the invention. 

Finally, Applicants respectfully point out that the Examiner's characterization of the Enzo 
case is incorrect with respect to the written description requirement. In Enzo . the deposited materials 
were nucleotide sequences, which the court distin guished from antjb jgdies, which in fact can be 
sufficiently„describedj)y_ referen^ bindin g ch aracteristic s. 

In light of the amendments to claims 25 and 26, and the remarks set forth above, Applicants 
respectfully maintain that the claims are fully described in the specification, and that one of ordinary 
skill in the art would readily recognize, that the Applicants had possession of the claimed invention 
at the time the application was filed. Accordingly, Applicants respectfully request that the Examiner 
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reconsider and withdraw the rejection of claims 5, 8, 25, and 26 under 35 U.S.C. §112, first 
paragraph, written description. 



The Examiner rejected claims 5, 8, 25, and 26 under 35 U.S.C. §112, first paragraph, as 
allegedly containing subject matter which was not described in the specification in such a way as to 
enable one skilled in the art to make and/or use the invention. The Examiner stated that the 
specification lacks complete deposit information for the deposit of the specified monoclonal 
antibodies, namely 2H9, 6F9, 3G8, 1C4, and 3H8. The Examiner continues to assert that it is not 
clear that the properties of the specified monoclonal antibodies are known and publicly available, 
or can be isolated v^thout undue experimentation, and thus, a suitable deposit is required. 

-In responses-Applicants respectfully-traverse the Examiner-s rejection.-Appl^^ 

the claims, as amended, are fully enabled by the specification. One of ordinary skill in the art would 
readily be able to produce antibodies of the claimed genus without undue experimentation, simply 
by following the teachings of the specification. Techniques to produce such antibodies have been 



available since before the present invention, as can be seen, for example, in Gamero, et al.. 
Measurement of Serum Osteocalcin with a Human-specific Two-site Immunoradiometric Assay, J, 
Bone and Mineral Res. , Vol. 7, No. 12 (1992) and Gamero, et al., Characterization of 
Immunoreactive Forms of Human Osteocalcin Generated in vivo and in vitro, J. Bone and Mineral 
Res. , Vol. 9,No. 2(1994). Copies ofthese references are enclosed for the Examiner's convenience. 
Moreover, as evidenced by the facility of the production of the disclosed antibodies of the claimed 
genus, producing any antibody of the claimed genus would not require undue experimentation, 
particularly in light of the teaching of the specific fragments to which the claimed antibodies bind. 

In view of the amendments to the claims and the above remarks, Applicants maintain that, 
the claims, as amended, are fully enabled by the specification. Thus, Applicants respectfully request 
that the Examiner reconsider and withdraw the enablement rejection. 



Enablement 
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In view of the above amendments and remarks, it is believed that the claims satisfy the 
requirements of the patent statutes, are patentable over the prior art, and folly address the Examiner' s 
concerns as set forth in the December 17, 2002 Office Action. Reconsideration of the instant 
application and early notice of allowance are requested. The Examiner is invited to telephone the 
undersigned if it is deemed to expedite allowance of the application. 
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Marked-Up Copy of the Amended Claims 

25 (amended). A monoclonal antibody or recombinant antibody fragment which binds a 
human gamma-carboxylated osteocalcin fragment, [wherein said monoclonal antibody or 
recombinant antibody fragment has the specificity to epitopes that have been identified on said 
gamma-carboxylated fragment of osteocalcin,] wherein said human gamma-carboxvlated osteocalcin 
fragment is selected from the group consisting of 

i) a fragment which spans from amino acid in position 7 to amino acid in position 30 
of the amino acid sequence set forth in SEQ ID NO: 2 in which all three glutamic acids in positions 
17, 21 and 24 of said sequence are gamma-carboxylated, and 

ii) a fragment which spans from amino acid in position 6 to amino acid in position 30 
of the amino acid-sequence of SEQ ID NG :2 in-which all three-glutamic-acids-in-the positions 1-7, — 
21 and 24 of said sequence are gamma-carboxylated[.]j^ 

and wherein said monoclonal antibody or recombinant antibody fragment has the specificity 
to epitopes that have been identified on said gamma-carboxylated fragment of osteocalcin. 




26 (amended). A non-competitive immunoassay for quantitative determination of a gamma- 
carboxylated osteocalcin fragment in a sample comprising contacting the sample with two 
monoclonal antibodies or recombinant antibody fragments which bind said gamma-carboxylated 
osteocalcin fragment, measuring bound monoclonal antibody or recombinant antibody fragment, and 
comparing said amount with an amount measured in a sample having a known quantity of said 
gamma-carboxylated osteocalcin fragment, [wherein said monoclonal antibody or recombinant 
antibody fragment has the specificity to epitopes that have been identified on said gamma- 
carboxylated fragment of osteocalcin,] wherein said gamma-carboxylated osteocalcin fragment is 
selected from the group consisting of 
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i) a fragment which spans from amino acid in position 7 to amino acid in position 30 
of the amino acid sequence set forth in SEQ ID NO: 2 in which all three glutamic acids in positions 
17, 21 and 24 of said sequence are gamma-carboxylated, and 

ii) a fragment which spans from amino acid in position 6 to amino acid in position 30 
of the amino acid sequence of SEQ ID N0:2 in which all three glutamic acids in the positions 17, 
21 and 24 of said sequence are gamma-carboxvlated[,] . and 

wherein said monoclonal antibody or recombinant antibody fragment has the specificity to 
epitopes that have been identified on said gamma-carboxylated fragment of osteocalcin. 



JOURNAL OF BCNE AiNO MINER.\L ^^kvRCH 

Volume 7, Number 12, 1992 

Mary Ana Llebert. Inc., Publishers 



Measurement of Serum Osteocalcin with a Human-Specific 
Two-Site Immunoradiometric Assay 
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ABSTRACT 

We developed a sensitive and specific two-site radioimmunoassay (IRMA) for human osteocalcin using hu- 
man osteocalcin as a sUndard and two monoclonal antibodies raised against human osteocalcin purified 
from human cortical bone, a solid-phase anti-25-37 region and a tracer anti-S-lJ sequence of the molecule. 
A wide range of osteocalcin levels (up to 300 ng/nil) can be measured with a sensitivity of 0.4 ng/ml. The 
Intra- and Interassay coefficients of variation are less than 4 and 6<7o, respectively. The recovery of human 
osteocalcin from serum samples ranges from 96 to 103?^o. IRMA was linear for serial sample dilutions in a 
wide range of serum osteocalcin levels, even in paUents with chronic renal failure on hemodialysis. Depletion 
of scrum In intact osteocalcin demonstrated that IRMA detects. I n addition to the intact peptide , a large 
N-terminal mldregioiijragment that represents about 50% of total osteocaicm levels in normals anrfpaticnts 
with Pag Tt'i disease and up to 75Vo in patients with chronic renal failure. This large fragment, previously un- 
recognized because It c annot be disUng uished from Intact osteocalcin with gel filtration chrom atography, Js^ 
not generated i n vitro by IncubaUon of the serum up to 26 hj We measured osteocalcin In the scrum of 309 
healthy adulu (180 men and 129 women, age range 20-95 years), 36 paUents with Paget's disease, 12 patients 
-with primary hyperparathyroidism,.?© patients with chronic re^l failureon hemodialysis, and 10 patients 
on corticosteroid therapy, simultaneously with human IRM.\ and with a conventional radioimmunoassay 
(RIA) based on bovine reagents. A Ught correladon (r 0.8«9) was observed between the two assays in the 
normal population, but t he values obtained with IRM A^ej^about th (mean 23.3 ± 10.5 ver- 

sus 7.5 ± 3.4 ng/mO than those obUined with RIA. Reported as Z"scores, that is, number of standard devi- 
adons from the predicted normal mean adjusted for sex and age, these two assays ffRMA and RIA) gave 
concordant results In patients with Pagefs disease (4.05 ± 6.21 versus 2.41 ± 2.53), primary hyperparathy- 
roidism (4.14 ± 7.17 versus 2.13 ± 2.28), chronic renal failure (25.32 ± 24.49 versus 6.93 .± 5.48), and glu- 
cocorticoid treatment (-1.4S ± 0.78 vereus -1.11 dt 0.57). However, IRMA was more discriminant from 
controls for all these metabolic bone diseases because the absolute values of mean Z scores with IRMA were 
slgoificanUy higher than those obtained with the RIA (/? < 0.05-0.0001). We conclude that this new human- 
specific IRMA of osteocalcin may be more sensitive than bovine RIA for the clinical investigation of meta- 
bolic bone diseases. 



INTRODUCTION 

OSTEOCALCIN, also Called bone gla protein (BGP), is one 
of the major noncollagenous proteins of bone matrix 
produced by osteoblasts.**'*' This molecule of 49 amino 
acids contains three residues of 7-car boxy glutamic acid. 



»INSERM Unit* 234, HdpiiaJ Edouard Herrioc, Lyon, France. 
HTIS Biointcmational, Bagnols/Ctec,. France. 



Osteocalcin binds to hydroxyapaiite with high affinity, and 
it is closely associated with bone matrix. Osteocalcin is 
chcmotactic for many cclls^*' and may play a role in the re- 
cruitment of osteoclasu/** but its precise physiologic func- 
tion remains unclear. A fraction of newly synthesized 
osteocalcin is released in blood, where it can be measured 
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Numerous studies 



shown 



by radioimmunoassay _ 

thai scrum ostcocaJcin is a sensitive marker of bone metab- 
otism in various metabolic bone diseases, such as osteopo- 
rosis, primary hyperparathyroidism and hyperthyroidism, 
and renal osteodystrophy. Studies correlating serum 
osteocalcin with the kinetic and histomorphometric evalua- 
tion of bone resorption and formation have shown that 
scrum osteocalcin is a specific index of bone formation 
whenever resorption and formation are dissociated. 

Radioimmunoassays that have been developed by sev- 
eral groups, as well as commercial kits, most often utilize 
bovine osteocalcin as tracer, standards, as well as immuno- 
gen for the production of antibodies. Human and bovine 
osteocalcin differ by 5 amino acids out of a total of 49. 
The precise antigenic determinants of the osteocalcin mole- 
cule have not been clearly identified, but many of these 
antiscra recognize the carboxy-terminal region of the mole- 
cule, which has been shown to be identical in both human 
and bovine osteocalcin. <"» Whatever the epitope rccog. 
nized by these antisera, most if not all of these assays do 
not exhibit a 100% cross-reactivity with human osteocal- 
cm, resulting in poor dilution curves with some serum sam- 
ples. In 1988, Taylor et al. developed the first radio- 
inununoassay against a midmolecular epitope of human 
osteocalcin involving a region that differs between human 
and bovine osteocalcin, Prelinunary results suggested 
that this assay may be more sensitive than conventional 
bovine assays to assess bone turnover in such diseases as 
Pagefs disease and hyperparathyroidism. *"» 

Serum osteocalcin appears to circulate mainly as the in- 
tact protein, but osteocalcin fragments have also been 
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for 24 h at 4»C with constant stirring as previously de- 
scribed. After centrifugation, the supernatant extract 
was desalted on Sephadex G25 (Pharmacia. Sweden) 
equQibrated with 50 mM NH.HC03, and freeze dried. The 
extract was resuspended in 0.5 M phosphate-buffered sa- 
line (PBS) with protease inhibitors and applied on an im- 
munoaffinity column using an anti-25-37 bovine osteocaJ- 
cin anUbody coupled to CNBr-activated Scpharose (Phar- 
macia, Sweden) and eluted with 0.1 M glycine HCI. pH 
2.5. Under these conditions 1.8 mg human osteocalcin was 
obtained from 30 g human cortical bone. The purity of hu- 
man osteocalcin was controlled by sodium dodecyl sulfate 
gel analysis and amino acid analysis. 

Preparation of monoclonal antibodies to 
human osteocalcin ■ 

Female Balb/C mice and Lou/c rats were immunized by 
monthly intraperitoneal injections of 10-50 ^g purified hu- 
man peptide coupled or not with pig thyroglobulin emuisi- . 
fied in complete Freund's adjuvant (initial injection) or 
alugel (all subsequent boosts). Splenocytes were fused 4 
days after an intravenous injection of immunogen with 
mouse P, X63 Ag 8.653 myeloma cells, as previously de- 
scribed.*"* Immunized animal sera and hybridoma super- 
natants were tested by radioimmunoassay using either hu- 
man or bovine osteocalcin as a tracer. Two families of 
antibodies were obtained: those that recognized both 
tracers were classified as anti-C-tcrminal osteocalcin, and 
those that recognized huinan osteocalcin only as anti-N- 
tcrminal osteocalcin since differences between human and 
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and secondary hyperparathyroidism. <"» It is tempting to 
speculate that such fragments may be released into the cir- 
culation during osteoclastic bone resorption, but a recent 
study using a single antibovine osteocalcin monoclonal 
antibody has revealed that the most abundant of these 
fragments is not related to resorption. This fragmenta- 
uon pattern undoubtedly contributes to the variability be- 
tween assays and complicates the clinical interpretation of 
results in various disease states.*"' 

To overcome these limitations, we developed a specific 
and sensitive two-site radioimmunoassay for human osteo 

f*n\/^r\ '%r*A I.- ^ 1^ • • . ... 



tients with metabolic bone disease were compared to those 
obtained with a conventional radioimmunoassay based 
upon bovine reagents and a rabbit antiserum. 



MATERIALS AND METHODS 

Purification of human osteocalcin 

Human osteocalcin was isolated from femoral diaphysis 
bone taken from a 26.year-old male. Human bone was 
finely ground m liquid nitrogen, defatted with ice-cold ace- 
tone, and washed in ice-cold pure water. Dried bone pow- 
der was resuspended in 0.5 M EDTA. pH 7.4, with pro- 
tease inhibitors (0.2 M e-aminocaproic acid. 0.01 M benz- 
amidine, O.OOl M phenylmethanesuifonyl fiuoride 
(PMSF). and 0.02 M A/-cthylmaleinimide) and extracted 



. in the- first 19- amino 
adds.<"» Mouse (OB04) and rat (OR06) monoclonal anti- 
bodies were selected for use in a sandwich radioimmunoas- 
say. Mouse monoclonal antibody OS35 was used to study 
the specificity of the two-site radioimmunoassay of human 
osteocalcin (IRMA). 

Characterization of monoclonal antibodies 

We tested the ability of human and bovine osteocalcin 
and of synthetic peptides 5.13.jl25.37, and 43-49 (Neosys- 



compete with osteocalcin for the binding on monoclonal 
antibodies OB04, OR06. and OS35. Purified monoclonal 
antibodies (200 ^) diluted at the titer (antibody dilution 
that binds 50<7o of '»i-osteocalcin) in 50 mM Tris. 2 mM 
CaCl,, and 0,3<^^o bovine serum albumin (BSA) were incu- 
bated overnight at room temperature with 100 /J osteocal- 
cin and 100 pi of different amounts of human or bovine 
osteocalcin or synthetic peptides. Immune complexes were 
precipitated by adding a mixture of sheep antimousc (for 
OB04 and OS35) or antirat (for OR06) immunoglobulin 
antiserum and normal human serum. After incubation for 
15 minutes at room temperature. 1 ml polyethylene glycol 
6000 (e'^o in 0.02 M Tris. pH 8.5) was added and samples 
were centrifuged for 15 minutes.at 2300 x g. Bound osteo- 
calcin was determined by counting in a gamma counter 
(Crystal II, Packard). 



I 
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FIG. 2. Standard curve of the two-site radioimmunoas- 
say for human osteocaJcin. CPM, counts per minute. 
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FIG. 1. Epitope specificity of the monoclonal antibodies 
investigated (OB04 and OR06). (a) For OB04. binding of 
(* "I] osteocalcin is inhibited by human and bovine osteo- 
calcin (ICw = 6.10-9 M) and by the synthetic 25-37 pep- 
tide (ICso = 4.10-5 M). but not by the synthetic 37-49 
peptide, (b) For OR06, binding of ['"I] osteocalcin is in- 
hibited by human osteocalcin (ICs© = 8.10-9 M) and by 
the synthetic 5-13 peptide (IC,o = 2.10-4). but not by bo- 
vine osteocalcin or synthetic 7-19 peptide. IC»o.* concentra- 
tion of displacers (human, bovine osteocalcin, and synthe- 
tic peptides) inhibiting 50*7o of (*"I]ostcocalcin binding. 



Osteocalcin radioimmunoassays 

Two-Site Immunoassay of Human Osteocalcin: Mouse 
monoclonal antibody OB04 was adsorbed on a solid phase 
(ELSA; CIS Biointernational, France). Rat monoclonal 
antibody OR06 was radioiodinated as previously de- 
scribed.*"* The solid phase, 50 /il standards (human osteo- 
calcin-in 50 mM-borate,-2 mM CaCl,, and IVo -BSA). or - 
serum and 300 fd tracer (150 nCi in 50 mM Tris, 2 mM 
CaCli, and 0.3*7o BSA) were incubated for 2 h at room 
temperature with agitation (ClSmix; CIS Biointerna- 
tional). The unbound tracer was then aspirated, and the 
solid phase was washed three times with water containing 
0.1 Tween 20. Total and bound radioactivity were deter- 
mined by counting in a gamma counter. The human osteo- 
calcin standard was calibrated by three independent amino 
acid analyses. 



Competitive Assay: Serum osteocalcin levels were deter- 
mined by a competitive radioimmunoassay (RIA, OSTK- 
PR; CIS Biointernational) that uses rabbit polyclonal anti- 
bodies raised against bovine osteocalcin and bovine osteo- 
calcin as tracer and standards. The sensitivity of the assay 
is 0.5 ng/ml. The intra- and interassay coefficients of vari- 
ation were 5 and 7*70, respectively. This assay has been 
used in several studies.'"*"* 



Serum gel filtration chromatography 

Sera (1-5 ml) from controls and patients were applied to 
a Sephacryl HR-IOO gel. The column was eluted with O.l 
M ammonium bicarbonate, pH S.O. The osteocalcin im- 
munoreactivity of individual fractions was measured with 
both radioimmunoassays (IRMA and RIA). 
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Table 1 . Recovery Test* 





Endogenous 


Added 








osteocalcin 


osteocalcin 


Measured 


Recovery 

(%) - 


/ft a ym/l 
(rig/ rnt/ 


(ng/mij 


value fng/mi) 


I 


13.3 


13.0 


25.6 


97 




13.3 


39.5 


50.5 


96 




13.3 


76.0 


87.2 


98 


II 


13.3 


145.0 


155.7 


98 


124.7 


13.0 


141.8 


103 




. 124.7 


39.5 


167.5 


102 




124.7 


76.0 


191.8 


96 




124.7 


145.0 


272.3 


101 



•Different known amounts of human osteocalcin standard were spiked into 
two serum samples from a control (sample I) and from a patient with chronic 
renal failure (sample 11). Recovery is expressed as a percentage of the theoretical 
osteocalcm value (endogenous + added osteocalcin). 
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Dilution factor 

FIG. 3. Plots of osteocalcin levels obtained on serial dilu- 
tion of scrum samples from three patients with chronic 
renal failure. Scrum osteocalcin values arc 39.2, 97.1, and 
200 ng/ml, respectively. 



Depletion of serum in intact human osteocalcin 

Pooled sera (400 ;tl; = 10} from normal subjects, pa- 
tienu with Paget's disease, and patients with chronic renal 
failure on hemodialysis were incubated for 2 h at room 
temperature under agitation with a monoclonal antibody 
recognizing the human osteocalcin sequence 43-49 ad- 
sorbed on a solid phase (OS35 monoclonal antibody) or 
with an antiosieonectin monoclonal antibody as a negative 
control. The efficacy of the depletion was controlled by as- 
saying depleted sera with an inimunoradiometric assay spe- 
cific for the intact human osteocalcin using monoclonal 
antibodies anti.43-49 and anti.5-I3. A fresh blood sample 
was measured with the IRMA and with the assay for intact 



human osteocalcin after 1. 2, 4, 6. 24. 48, and 72 h of in- 
cubation at room temperature. 

Subjects 

Scrum osteocalcin was measured in 309 normal adults 
and 128 patients with metabolic bone disease. None of the 
normal subjects had a history of any medical disease or 
was taking drugs known to affect bone metabolism. The 
10 patients receiving glucocorticoid therapy had been tak- 
ing at least 60 mg corticosteroids daily: 6- had rheumatoid 
arthritis, 2 were treated for _bo_ne mctastases,_and _2_for_ 
polyanhritis. Parathyroid adenoma was the cause of the 
primary hyperparathyroidism in the 12 patients; ail had in- 
creased serum intact parathyroid hormone (PTH) concen- 
-traiion. A total of 36 patients with symptomatic Paget's 
disease were referred because of bone pain, and all demon- 
strated roentgenographic evidence of Paget's disease. A 
total of 70 patients with chronic renal failure on hemodia- 
lysis were recruited. 



Statistical analysis 

The results are expressed as the mean ± standard devia- 
tion (SD). Comparison between serum osteocalcin values 
obtained with the two radioimmunoassays was evaluated 
by linear regression analysis. The correlation between 
serum osteocalcin level and age was assessed by linear and 
cubic polynomial regression analysis. To measure the sen- 
sitivity of the serum osteocalcin assays to discriminate be- 
tween patients and controls, we used the Z score. This al- 
lows comparison of men and women of various age by ex- 
pressing individual values as the number of standard devia- 
tions from the predicted mean for normal subjects ob- 
tained from the sex-specific regression between osteocalcin 
and age. By definition the mean Z score from the sex-spe- 
cific age regression is 0 in normal subjects. 2 scores ob- 
tained by both assays were compared by two-tailed Mests, 
parametric (Student's) and nonparametric (Mann-Whit- 
ney) tests. 
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RESULTS 

Characterization of monoclonal antibodies 

To determine the antigenic epitopes on the osteocalcin 
molecule recognized by OB04, OR06. and OS35, competi- 
tive inhibition of [*"IlosteocaJcin binding by human osteo- 
caJcin, bovine osteocalcin, and synthetic peptides was 
tested. As shown in Fig. la» the binding of ('"I] osteocalcin 
on OB04 was inhibited by human and bovine osteocalcin 
(concentration of displacer inhibiting 50*7o of ['"I]osteo- 
calcin binding, ICw = 6 x 10"* M) and at high concentra- 
tion by the 25-37 synthetic peptide {IC»o = 4 x 10"* M) 
but not by the 37-49 synthetic peptide. For OR06 (Fig. 
lb), the binding of [*"r|osteocalcin was inhibited by hu- 
man osteocalcin (IC»o = 8 x 10** M) and at high concen- 
tration by the 5-13 synthetic peptide (ICso = 2 x 10"* M) 
but not by bovine osteocalcin or the 7-19 synthetic pep- 
tide. The binding of osteocalcin on OS35 was inhib- 
ited by human or bovine osteocalcin and by the 37-49 and 
43-49 synthetic peptides but not by the 5-13 and 25-37 
synthetic peptides (data not shown). These results suggest 
that OB04 recognized the 25-37 region. OR06 the 5-13 se- 
quence of the molecule, and OS35 the 43-49 sequence of 
human osteocalcin. 
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Two-site radioimmunoassay performance 

The standard curve of the two-site assay is shown in Fig. 
2. This gives a t>pical linear range from 0 to 300 ng/ml. 
The intraassay variation assessed by 15 measurements of 
three serum samples (mean osteocalcin levels 21.9, 98.4, 
and 1 83 .9 ng/ml) was les s than 4*70. The intera ssay yaria- 
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tion evaluated by repeated measurements {N ~ 12) of 
three serum samples (mean osteocalcin levels 20. 71.9, and 
171.4 ng/ml) was less than 6Vo. The detection limit was 0.4 
ng/ml. 

Recovery Test: Known amounts of human osteocalcin 
were added to human serum. The recovery of human 
osteocalcin from serum samples ranged from 96 to 103*70 
(Table I). 

Dilution Test: The linearity of the method was tested 
over a wide range of osteocalcin concentrations on serial 
dilutions of sera from patients with chronic renal failure. 
In the range of osteocalcin levels examined (40-200 ng/ml) 
and of dilutions (1:2 to 1:16), the method yielded linear 
and reproducible resulu (Fig. 3). 

Specificity: Bovine and ovine osteocalcin were not de- 
tected by IRM\ for concentrations up to 300 ng/ml (data 
not shown). Gel filtration chromatography of sera from a 
normal control and a patient with renal osteodystrophy, 
performed on a Sephacryl HR-lOO column (Fig. 4), dem- 
onstrated that IRiMA detected immunoreactive osteocalcin 
as a single peak that coclutes with the intact peptide, 
whereas conventional bovine RIA measured, in addition to 
the intact molecule, fragments of different sizes in the pa- 
tient with renal osteodystrophy. After depletion of serum 
in intact human osteocalcin (Table 2), IRMA still detected 




VoKjme(mO 

FIG. 4, Chromatography of scrum from a normal con- 
trol subject and from a patient with renal osteodystrophy. 
Scrum samples (1-5 ml) were gel filtered on a Sephacryl 
HR-lOO column eluted with 0.1 M ammonium bicarbo- 
nate, pH 8. Immunoreactive osteocalcin was determined 
by RIA (a) and IRMA (b) in 1 ml effluent. 
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immunoreacrive osteocalcin fragments representing about 
50% of the total levels in normal subjects and Paget's and 
up to 75<7o of total osteocalcin in chronic renal failure. 
Competitive RIA recognized fragments (Table 2) that con- 
tribute about 30% of the total levels in normal subjects 
and patients with Paget's disease and chronic renal failure. 
After incubation for 4 and 6 h at room temperature, the 
serum levels of intact osteocalcin were slightly decreased 
by 19 and 8%, respectively, and the serum levels measured 
by IRMA were not significantly changed (-4 and -10%, 
respectively). 



Correlation with competitive radioimmunoassay 

Serum osteocalcin levels were measured in the 309 nor- 
mal subjects using both RIA and IRMA. A tight correla- 
tion (r = 0.889) was observed between the two assays, but 
the values obtained with IRMA were about threefold 
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higher (mean 23.3 :t 10.5 versus 7.5 =b 3.4 ng/ml) than 
those obtamed with the competitive assay (Fig. 5). 

Serum osteocalcin levels in normal population 

Sex-specific regressions between osteocalcin levels and 
age are shown in Fig. 6. No significant correlation was 
found for men (Fig. 6a, r = 0.1), and the mean serum 
osteocalcin level was 19.5 i 6.1 ng/ml. For women, a pos- 
itive correlation (Fig. 6b) was found and the regression was 
best fitted with a polynomial equation (serum osteocalcin, 
ng/ml = 23.15 - 0.32age -J- 0.0G61age\ r = 0.48./? < 
0.0001). The values increased significantly after the meno- 
pause (30.4 ± 10.8 versus 14.9 ± 3.8 ng/ml in premeno- 
pausal women, p < 0.0001). as shown in Fig. 7. About 
80% of early postmenopausal women (less than 5 years 
after the menopause) had serum osteocalcin levels that 
were higher than the upper limit of the normal range for 
young women (20.2 ng/ml). 



Table 2. Serum Osteocaicin Levels in Pooled Sera^ 



Serum osteocalcin (ng/ml) 





intact osteocalcin 


IRsMA 


RIA 




Fragments 
f% of total) 


Serum depletion 


Before 


After 


Before 


After 


Before 


After 


IRMA RIA 


Normal 
Paget's disease 
Chronic renal failure 


n.4 

21.6 
31.0 


0 
0 
0 


ISJ 
44.6 
87.5 


15.3 
26.2 
63.2 


7.1 
12.9 
19.1 


2.4 
2.9 
5.3 


57 34 
59 . 22 
72 28 



IRMA 


ao 




70 




60 




50 




40. 




30. 




20. 




10. 




0- 




0 



n=::309, r« 0.889 
y = 2.923x + 0.655 
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FIG. 5. 
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serum samDle^f^^^^^ two-site (IRMA) and competitive (RIA) osteocalcin radioimmunoassays. Normal 

To!655 " ^ simultaneously by both assays. Linear regression analysis: r = 0.889; v = 2 923^ 
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FIG. 6. Relationships between scrum osteocalcin level 
and age in healthy men and women, (a) In normal men, 
no significant correlation (r = 0.1) was observed and the 
~mean-scrum-osieocalcin-level-was-19r5-±-6rl-ng/ml^ — (b)- 
In normal women, the serum osteocalcin level was corre- 
lated with age: 7 = 23.15 - 0.317age + 0.006 1 age^ (r = 
0.48. p < 0.0001). 
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Premenopausal Postmenopausal 

FIG. 7. Individual serum osteocalcin values in 20 pre- 
menopausal (range 35-45 years) and in 37 early postmeno- 
pausal women (less than 5 years after the menopause). 
Mean values were 14.9 ± 3.8 and 30.4 ± 10.8 ng/ml, re- 
spectively (p < O.OOOl by unpaired Mest). 



Serum osteocalcin levels in patients with metabolic 
bone disease 

Serum osteocalcin levels were measured in patients with 
metabolic bone disease using both IRMA and RIA, They 
were increased in conditions associated with high bone 
turnover (primary hyperparathyroidism, Paget's disease, 
and chronic renal failure) and decreased in patients treated 
by corticosteroids (Table 3). The mean Z scores and the 
significance of their deviation from normal are shown in 
Table 4; individual Z score values for IRMA are given in 
Fig. 8. Both assays gave concordant results in all metabolic 
bone disorders. The mean Z score observed with IRMA 
were significantly higher in primary hyperparathyroidism, 
Paget's disease, and chronic renal failure on hemodialysis 
and lower in patients on glucocorticoid treatment than the 
mean Z score obtained with RIA. 



DISCUSSION 

We have developed a specific two-site radioimmunoassay 
for human osteocalcin using human bone osteocalcin as a 
standard and two monoclonal anubodies raised against hu- 
man osteocalcin. OB04, the antibody adsorbed on the solid 
phase, is directed against an epitope closed to the C-terminal 
region of the molecule (amino acids 25-37). However, OB04 
recognized the 25-37 synthetic peptide with a low affuiity. 
This is probably due to the three-4imensionai structure of 
the native molecule, notably the disulfiie loop (Cys"-Cys") 
not present in the peptide. OR06, used as a tracer, is directed 
against the N-tcrminal part of the molecule since it does not 
recognize bovine osteocalcin. The synthetic 7-19 peptide is 
not detected, whereas the 5-13 peptide can be recognized by 
OR06 but with a very low affinity, suggesting thai it contains 
only a portion of the antibody finding site. Depletion of 
serum in intaa human osteocalcin demonstrated that this 
two-site assay detected a large fragment present in normal 
and pathologic sera in addition to the intaa molecule. This 
N-tcrminal midregion fragment is large, because it is recog- 
nized by IRMA using monoclonal antibodies directed 
against two distant epitopes (5-13 and 25-37) and since chro- 
matography sieve on HR-100 cannot distinguish it from the 
intact peptide (Fig. 4). The bovine competitive assay mea- 
sured, in addition to the intact molecule, fragments of 
smaller size detected by chromatography that were not rec- 
ognized by IRiVL\ (Fig. 4). Our exF>eriment measuring intact 
and fragmented osteocalcin after various incubation times 
suggests that the large fragment recognized by IRMA is not 
only generated by proteolytic cleavage in vitro but is also 
generated in vivo, possibly by osteoblastic synthesis. Funher 
investigadons are necessary to charaaerize the structure and 
origin of this N-lerminal midregion fragment and to investi- 
gate its potential clinical significance. 

This human-specific IRMA is fast (2 h). and the intra- 
and interassay coefficients of variation are less than 4 and 
6 "70, The standard curve is linear from 0.4 to 300 ng/ml, a 
range that compares favorably with the range obtained 
with competitive assays and with the two-site enzyme im- 
munoassay for 7-carboxylated osteocalcin recently devel- 
oped by Koyama et al.'-**' In addition, osteocalcin can be 
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Table 3. Serum Osteocalcin Levels in Controls and Patients with Metabolic Bone Disease* 









Serum osteocalcin 








(mean ± SD) 


Subjects 


Male/female 


Age (range) 


!RMA 


RIA 


Control 


309(180/129) 


55 ± 15 (20-95) 


23.8 db 10^5 


7.5 ± 3.4 


Glucocorticoid treatment 


10 (5/5) 


57 ± 10 (41-75) 


10.7 db 7.6 


4.1 ± 3.4 


Primary hyperparathyroidism 


12 (1/11) 


66 db 7 (56-78) 


71.9 d= 77.3 


19.4 d: 10.6 


Paget*s disease 


36 (17/19) 


69 ± 8 (47-82) 


50.2 ± 37.4 


16.1 db 6.8 


Chronic renal failure 


70 (23/47) 


46 db 9 (31-70) 


193.7 ± 165.5 


24.9 ± 11.2 



•Results are expressed as the mean * SD. 



Table 4. Serum Osteocalcin Levels en Metabouc Bone Diseases 



Z score (serum osteocalcin}^ 
IRMA RIA 



Subjects 


Patients 


Mean 


pb 


Mean 


pb 


P*^ ■ 


Glucocorticoid treatment 


10 


-1.48 dr 0.78 


<0.0001 


-1.11 ^ 0.57 


<0.0001 


<0.05 


Primary hyperparathyroidism 


12 


4.14 ±, 7.17 


< 0.005 


2.13 =b 2,28 


<0.0O5 


<0.05 


Paget's disease 


36 


4.05 d: 6.21 


<0.0001 


2.41 d= 2.53 


<O.0OOl 


<0.05 


Chronic renal failure 


70 


25.21 ±: 24.49 


<0.0001 


6.93 d= 5.48 


<0.0001 


< 0.0001 



•Z score: deviation from predicted mean for normal subjects obtained from the sex-speciftc regression equation that predicted the 

serum con centr adon as a function of ag e. 

bSignificance of difference from normal subjects. 

^^Significance of difference between the iwo-site assay (IRMA) and the competitive assay (RIA), 



determined in all human serum samples, even in patients 
with chronic renal failure after appropriate dilutions, since 
the linearity of the method, tested over a wide range of 
osteocalcin levels and dilutions, was very good (Fig. 3) and 
the mean recovery of human osteocalcin from serum sam- 
ples was 99 =fc 2.7% (Table 1). 

We observed a good correlation between the osteocalcin 
levels measured with the two-site assay and those obtained 
with the conventional bovine competitive radioimmunoas- 
say (r = 0.889), but the values with IR.MA were about 
threefold higher than with RIA. We believe that this dis- 
crepancy is related to two additive phenomena. First is the 
incomplete cross-reactivity between human and bovine 
osteocalcin. Heterologous RIA are based upon competi- 
tion between labeled bovine osteocalcin and serum human 
osteocalcin for antibovine osteocalcin antiserum. Serum 
human osteocalcin is likely to have less affinity for anti- 
serum than bovine osteocalcin used as immunogen and 
standard, resulting in an underestimation of serum intact 
human osteocalcin. Indeed, measurement of intact serum 
osteocalcin, which is the difference between the measure- 
ment before and after depletion, was 4.7 ng/ml with bo- 
vine RIA and 11.4 ng/mi with IRMA in the pool of sera 
from healthy adults (Table 2). Second, IR.MA and RIA de- 
tect osteocalcin fragments that contribute differently to 
circulating osteocalcin levels. IR.MA recognizes a large 



N-terminal midregion fragment representing 57Vo of the 
total level in normal serum, whereas the small osteocalcin 
fragments detected by RIA represent only 34*70 of the total 
level (Table 2). 

As previously reported by most studies using conven- 
tional competitive assays,***'*" serum osteocalcin levels 
were not correlated with age in normal men. This result 
obtained in a cross-sectional study must be considered cau- 
tiously. In fact, Orwoll et al.*-*^* showed no correlation be- 
tween serum osteocalcin levels and age in a cross-sectional 
study, whereas in the same normal male population, serum 
osteocalcin values increased in a longitudinal study during 
a 3 year interval. In healthy women, we have shown that 
serum osteocalcin levels increased with aging, as previously 
published. Previous studies have shown that this in- 

crease is largely due to the effect of the menopause '""'•^ 
and reflects an increase in bone turnover. With our IRMA, 
serum osteocalcin in early postmenopausal women was 
5\^<i higher than in premenopausal women, and 80*^^0 had 
levels higher than the upper limit of those observed in pre- 
menopausal. The increase in osteocalcin levels in elderly 
normal women (more than 75 years old) is more complex; 
it can be partly explained by an increase in the noncarbox- 
ylated fraction of circulating osteocalcin,***' 

Results in patients with metabolic bone diseases are con- 
sistent with previous reports showing that serum osteocai- 
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p<0.0001 



p< 0.0001 



p<00QO1 

o 



o 
o 



Gluoocc¥ticoid Phmafy Pagai's disease 

treatmant HyparparathyroidjGfn 



Chronic 
renal failure 



t.^. 8. Individual serum osteocalcin values (Z scores) in 
patients treated with glucocorticoids, in patients with pri- 
mar>' hyperparathyroidism, in patients with Paget's dis- 
ease, and in patients with chronic renal failure measured 
by the two-site radioimmunoassay (IRMA). Z scores were 
determined from the predicted mean for normal subjects 
obtained from the sex-specific regression equation that 
predicted serum osteocalcin concentrations as a function 
of age. Significant difference p from normal subjects is in- 
dicated. 
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ABSTRACT 

Three monoclonaJ antibodies recognizing the 5-13, 25-37, and 43-49 sequence of the human osteocalcin 
were used in competitive and two-site radioimmunoassays (RIA) to characterize specifically various immu- 
noreactive forms of drculadng human osteocalcin. The intact molecule accounts for 367o of total in normals 
(2,6 nM), 46'7o in patients with osteoporosis (3.1 nM), and 26<?^o in chronic renal failure (6.9 nM). Four frag- 
ment were detected in addition to the intact molecule in the serum of healthy adults and patients with meta- 
bolic bone disease. N-terminal, mid, and mid C-terminal fragments were present in minute amounts (each 
accounting for 5-14<7o of the total circulating osteocalcin immnoreactivity). In contrast, the N-terminal mid- 
fragment, probably resulting from the cleavage around amino acids 43-44, represents about 30<7b (2 nM) of 
the total osteocalcin immunoreactive level in normals and patients with osteoporosis and up to 50% (13 nM) 
ui patients with chronic renal failure. This large N-tern un al midfragment^ presenting 75jJ0?p of_the Jntact 
ost eocalcin level, is not low er when thT pla sma assay is'performed immediately af ter sampling (within 20 
minutes at 4**C with proteinase inhibitor), indica ting that it circulates in vivo . In^aagftion. this fragment 
was detected in the supernatant of osteoblasdcceHsTrepresenting about 28<7b of the intact peptide. Levels of 
N-tenninal midfragment were not changed after treatment of patients with metabolic bone disease (Paget's 
disease,_reflex sympathetic, dystrophy, fibrous dysplasia,-and-osteoporosis)-by-bisphosphonate, sugg^ting- 
that it is not released during bone resorption. The osteoca lcinjeyel measured w ith the two -site Immunoradlo- 
meUic a^ay specific joi^ejntact molecule or with a conventional bovine RIA wj^ rapi dly decreased after 
l acubationorserum atro^ and -15 Vo, respectivel y, af ter 3 h)T y hereas'the t^^^ leveLft f 

&taqt_ostepcalcin piu s^ N-terminal midfragm ent was n ot, changed . Intact osteocalcin loss can be partially 
avoided by proteinase mhibitors and by incubating serum at 4*'C. In conclusion, we characterized multiple 
immunoreactive forms of osteocalcin that circulate in addition to the intact molecule, none of them being 
specifically altered in osteoporosis. The N-terminal midfragment circulates in a large amount, probably re- 
sulting from cleavage of the intact molecule tn the circulation and/or at peripheral sites. These fragments 
can also be generated in vitro by proteolytic degradation of the intact molecule. To obtain reliable intact 
osteocalcin values but also reliable levels measured with conventional competitive RIA, careful control of 
the sampling conditions is warranted. 



INTRODUCTION 

OSTEOCALCIN, also callcd bone gia protein, a 49 amino 
acid peptide, is a vitamin K-dependent calcium bind- 
ing protein produced by osteoblasts.*'-** It constitutes up 
to 20*9b of the noncoilagenous proteins of bone matrix,**-** 
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Although osteocalcin binds tighdy to hydroxyapatitc,*'* a 
fraction of newly synthesized molecule is released in blood, 
where it can be detected by radioinununoassay (RIA),*** 
Osteocalcin is increased in the circulation of patients with 
metabolic bone disease characterized by high bone turn- 
over*'"** and can be used as an index of bone forma- 



255 



256 



GARNERO ET AL. 



tionJ"» The semm half-life of osteocalcin is very short 
(approxixnateiy 5 minutes), because it is rapidly metabo- 
lized mainly in the kidney*"* and to a lesser extent in the 
liver. In these tissues, osteocalcin is hydrolyzed by mito- 
chondrial, microsomal, and supernatant fractions.*^'** In 
plasma, some immunoreactxve but not characterized osteo- 
calcin fragments have been found in normals,***' in pa- 
tients with chronic renal failure,*" "* and in patients with 
Paget's disease. «"> Recently we deteaed a large N-terminal 
midregion fragment, previously unrecognized, that repre- 
sents about SOWtt of the total osteocalcin level measured 
with a new two-site immunoradiometric assay (IRMA) in 
normals and patients with Paget's disease of bone and up 
to 75 in chronic renal failure.'"' The disparity between 
osteocalcin fragments reported by several studies may be 
due to the different ability of various antibodies to detect 
osteocalcin-related peptides or to multiple forms of osteo- 
calcin,*"-'*'^' In addition, fragments detected in the senmi 
of patients with high bone turnover have been speculated 
to be released into the circulation during osteoclastic re- 
sorption of the bone matrix,"" and a Paget's disease-spe- 
cific fragment was recently reported.*'** Nevertheless, the 
most abundant of these osteocalcin peptides does not seem 
to be related to bone resorption, *'•* and the significance of 
these fragments remains unclear. In human osteocalcin, 
peptide bonds involving arginine residues 19-20 and 43-44 
are susceptible to proteolytic hydrolysis.'" *'-'" Peptides 
1-19, 20-43; 45-49. 1-43, and 20-49 are therefore Ukeiy to 
be the main product of osteocalcin breakdown.'"* 

To characterize serum osteocalcin fragments and their 
generation, we used three monoclonal antibodies (MoAb) 



MATERIALS AND METHODS 
Human osteocalcin standard 

Human osteocalcin purified from human cortical bone 
was used as a standard as previously described.*"* The hu- 
man osteocalcin standard was calibrated by three indepen- 
dent amino acid analyses.'"* 

Monoclonal antibodies 

Three MoAb were used to develop six RIA, Mouse 
(MoAb 43-49 and MoAb 25-37) and rat (MoAb 5-13) 
MoAb recognized the 43-49, 25-37, and 5-13 sequences of 
human osteocalcin, respectively, and were obtained as pre- 
viously described. «"» 

Two-site immunoradiometric assays 

Three IRMA (A, B, and Q were developed, and the 
osteocalcin immunoreactive forms detected by these assays 
are described in Table 1. MoAb directed to the 43-49 se- 
quence (MoAb 43-49, assay A) and MoAb 25-37 (assays B 
and Q were adsorbed on a porous bead (ELSA; Cisbioin- 
temational, France). MoAb 5-13 (assays A and B) and 
MoAb 43-49 (assay Q were radioiodinated as previously 
described.*"' Standard [50 fd; human osteocalcin in 50 
mM borate, 2 mM CaCU, and 1 Vo, bovine scrum albumin, 
BSA)1 or serum and 300 fd tracer (830 ng/ml for MoAb 
5-13 and 83 ng/ml for MoAb 43-49) were incubated for 2 
h at room temperature with agitation (CiSmix; Cisbiointer- 
national, France). The unbound tracer was then aspirated. 



recognizing amino acids 5-13 , 25-37, and 43-49 of the hu- 
man sequence. These MoAb have been used in RIA to de- 
tect serum intact osteocalcin and its potential N-terminal, 
C-terminal, mid, N-terminal-mid, and mid-C-terminal 
fragments (Fig. 1). 



Intact osteocalcin 
■* 1^20 43-44 49 



Potential fragments 



N-iermtfial Mid C-terminal 



hMerminal-MId 



Mtd-C'terminal 

FIG. 1. Intact osteocalcin molecule and potential proteo- 
lytic fragments. 



and the porous bead was washed three times with water 
containing 0. 1 % Tween 20. Total and bound radioactivity 
were determined by counting in a gamma coimter (Crystal 
II; Packard, Downers Grove, IL). The mean counts per 
minute (cpm) for nonspecific binding were 95.9 ± 7.2, 
116.8 ± 9.3, and 281.6 ± 26.4, and the mean bound cpm 
obtained from normal sera were 3744 ± 152 (% of total 
radioactivity; 2.03 ± 0.08%), 6558 ± 137 (3.55 ± 
0.07<7o), and 4348 ± 7 (3.67 ± 0.006%), respectively, for 
assays A, B, and C. The standard curves were linear up to 
200 ng/ml (assay A), 300 ng/ml (assay B), and 150 ng/ml 
(assay Q. The intraassay coefficients of variation (two 
serum samples, N = 30) were <3.5. 3.8, and 3.6%, and 
the detection limits were 0.3, 0.4, and 0.5 ng/ml, respec- 
tively, for assays A, B, and C. 

Competitive radioimmunoassays 

Three RIA (D, E, and F) were developed (Table 2). The 
MoAb, tracers, and immunoreactive forms of human 
osteocalcin detected by the assays are described in Table 2. 
MoAb 5-13 was used to measure intact osteocalcin and 
N-terminal and N-terminal midfragments with human 1-20 
osteocalcin as a tracer (assay D). Intact osteocalcin and 
mid, N-terminal mid, and mid C-terminal fragments were 
assayed by RIA using bovine osteocalcin as tracer and 
MoAb 25-37 (assay E). Assay F (Tabic 2) detected C-ter- 
minal and mid C-terminal fragments in addition to the in- 
tact osteocalcin using MoAb 43-49 and human 43-49 



IMMUNOREACnVE FORMS OF CIRCUlSKNG OSTEOCALCIN 



257 



osteocalcin coupled to BSA as a tracer. Standard (50 fd; 
human osteocalcin in 50 mM borate, 2 mM CaOi, and i9b 
BSA) or serum, 100 jd MoAb diluted in 50 mM Tris, 150 
nM NaCU 2 mM CaCU* and 0.37o BSA (initial MoAb con- 
centrations, 80 ng/ml for MoAb 5-13, 5 ng/ml for MoAb 
25-37, and 80 ng/ml for MoAb 43-49), pH 8, and 250 fd 
tracer (20,000 cpm; 1.3, 0.25, and 10 ng/ml, respectively, 
for assays D, E, and F) were incubated overnight at room 
temperature. The immime complexes were precipiuted by 
adding a mixture of sheep antimouse (for MoAb 25-37 
and MoAb 43-49) or antirat (for MoAb 5-13) immuno- 
globulin antiserum and normal human senmi. After incu- 
bation for 15 minutes at room temperature, 1 ml polyeth- 
ylene glycol 6000 (67o in 0.02 M Tris, pH 8.5) was added 
and samples were centrifuged for 15 minutes at 2300 x g. 
Bound osteocalcin was determined by counting in a 
gamma counter, and the concentrations were determined 
from a spline regression. The maximal bindings (^ total 
radioactivity) were 35.6 ± 0.9, 45.6 ± 0.4, and 11.5 ± 
0.2%, and the mean bound radioactivities (7o maTimal 
binding) for normal sera were 32.8, 18.2, and 57,5Vo, re- 
spectively, for assays D, E, and F. The intraassay coeffi- 
cients of variation assessed by repeated measurements (iV 
= 10) of one normal scrum sample were 4.0, 4.5, and 
5.2Vo, and the detection limits were 0.081, 0.023, and 0.32 
ng/ml, respectively, for assays D, E, and F. 



Standard conditions for sampling 

To reduce the in vitro proteolytic degradation, blood 
was taken in tubes containing agar-agar (Vacutainer; Bec- 
ton-Dickinson), allowed to stand for 60 minutes at 4'>C, 
centrifuged for 10 minutes at 1000 x ^, and then immedi- 
ately frozen at -SO^'C. Under these conditions, the time 
course between blood drawing and freezing was less than I 
h, 30 minutes. Intact osteocalcin and N-terminal midfrag- 
ment levels measured in 19 serum samples from normal 
adults taken under these standard sampling conditions 
were compared to the levels of six fresh plasma samples 
(anticoagulated with lithium heparin) from healthy volun- 
teers taken on ice with or without proteinase inhibitors (0.2 
M e-aminocaproic acid, 0.01 M benzamidine, 0.001 M phe- 
nylmethanesulfonylfluoride, and 0.02 M Methylmaleini- 
mide] and assayed within 20 minutes after blood drawing. 

Depletion of serum in immunoreactive forms 
of human osteocalcin 

Pooled sera (300 ^; 15 samples for each pool) taken 
under standard conditions were incubated for 2 h at room 
temperature under agitation with porous bead (ELSA; Cis 
biointemational, France) adsorbed with MoAb recognizing 
different amino add sequences or with an antiosteonectin 



Tablb 1 . Two-SiTE Immukoradiomftric Assays for iMMxn^roREAcnvB 
Forms of OsTEOCALCiNa 



Assay Solid-phase MoAb tracer MoAb 



Immunoreactive 
osteocalcin measured 



A 
B 



43^9 
25-37 

25-37 



5-13 
5-13 

43-49 



Intact 
Intact 

N-terminai mid 
Intact 

Mid C-terminal 



•Three monoclonaJ antibodies (MoAb) recognizing the 5-13 , 25-37, and 43-40 se- 
quence of human osteocalcin were used to develop assays A. B. and C. Purified human 
bone osteocalcin was used as standard. 



Table 2. CoHPBnnvB Radiooimunoassays for Imuunoreactcve Forms 

OF HtniAN OSTEOCALCn^a 



Assay 


Antibody 


tracer osteocalcin 


Immunoreactive 
osteocalcin measured 


D 


5-13 


Human 1-20 


Intact, N-tcrminal, 








N-terminal mid 


E 


25-37 


Bovine osteocalcin 


Intact, mid, N-tenni- 








nai mid, mid C-ter- 








minal 


F 


43-49 


Human 43-49 BSA 


Intact, C-terminal, 








mid C-terminal 



«Monocionai antibodies recognizing the 5-13, 25-37, 25-37, and 43-49 sequence 
of human osteocalcin sere used in three competitive radioimmunoassays specific for 
various osteocalcin fragments. Purified human bone osteocalcin was used as stan- 
dard. 
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MoAb as a negative control. One bead was used to deplete 
pooled sera from normals and patients with osteoporosis, 
whereas six beads were necessary to remove fragments 
from pooled sera of patients with chronic renal failure. 
Fragments removed by the depletions are described in 
Table 3. The efficacy of the depletions performed three 
times for each pool was controlled by assaying depleted 
sera with RIA. As shown in Table 3, levels of removed 
fragments were not detectable except for depletions of 
pooled sera from patients with chronic renal failure with 
MoAb 25-37 (assay B still measured 0.09 ± 0.07 nM, 
whereas the level before depletion was 20.31 nM) and with 
MoAb 5-13 + MoAb 43-49 (assay B still measured 0.48 
± 0.12 nM with an initial level of 20.31 nM). In all cases, 
the percentage of removed fragments was >97Vo. 

Characterization of serum immunoreactive 
osteocalcin forms 

Several combinations of depletions and assays described 
in Table 3 were used to measure osteocalcin immunoreac- 
tive forms in pooled serum from healthy volunteers, pa- 
tients with chronic renal failure on hemodialysis, patients 
with Paget's disease, and patients with osteoporosis char- 
acterized by one or more vertebral fracture. For each of 
these conditions one pool of 15 samples was studied. De- 
pletions and assays were performed three times for each 



pool. In addition, intact osteocalcin and N^terminal mid- 
fragment were assayed in 1 1 individual serum from healthy 
volimteers. 

. In vitro osteocalcin degradation and N-terminal 
midfragment generation 

A total of 10 normal serum samples were measured with 
assay A (intact osteocalcin) and assay B Qntact osteocalcin 
plus N-terminal midfragment) after 2 h of incubation at 
room temperature (with or without proteinase inhibitors). 
Eight normal human serum samples were assayed with 
assay A (mtact osteocalcin), assay B (intact osteocalcin 
plus N-tenninal midfragment), and RIA (OSTK-PR; Cis 
biointemational, France), which uses polyclonal antibodies 
raised against bovine osteocalcin and bovine osteocalcin as 
tracer and standards after 1, 3, 5, and 24 h of incubation 
at room temperature and at 4*C, This RIA has been used 
in several clinical studies. 

Cell culture 

The MG-63 human osteosarcoma cell line was purchased 
from Flow Laboratories (Putcaux, France). Cells were 
grown in RPMI medium supplemented with lOVo fetal bo- 
vine serum (FBS), 2 mM L-glutamine, and 1% streptomy- 
cin-penicillin. Cells were harvested by trypsin-EDTA treat- 



TaBLB 3. CHARAdEaiZATION OF IMMUNOREACTIVE FORMS OF HUMAK OSTEOCALCIN^ 



Depletion control 



Depletion 



Measurement 



Osteocalcin after depletion 



MoAb 



5-13 



25-37 



43-49 



5-13 + 43-49 



Removed fragments Assay 



Fragment 



Assay 



Intact 

N-terminal 

M-terminal mid 

Intact 

Mid 

N-terminal mid 
Nfid C-terminal 



Intact 
C-terminal 
Mid C-terminal 
Intact 
N-terminal 
C-terminal 
N-terminal mid 
Mid C-terminal 



Mid C-terminal 



N-terminal 



C-terminal 



N-terminal mid 



Mid 



B 



Serum 


Level (nM) 


Normal 


NDb 


OP 


ND 


CRF 


ND 


Normal 


ND 


OP 


ND 


CRF 


0.09 ± 0.07 


Normal 


ND 


OP 


ND 


CRF 


ND 


Normal 


ND 


OP 


ND 


CRF 


ND 


Normal 


ND (assays B and Q 


OP 


ND (assays B and Q 


CRF 


0.48 ± 0.12 (assay B) 




ND (assay Q 



. wH.w«*.«^, wi» muuoaicu ^ n ai room icmpcracure wiin monocionai anuboOies (MoAb) recognizing different regions 

Of human osteocalcin or with an antiosteoncctin MoAb as a negative control. The efficacy of the depletions performed three times for 
each pool of scnim [normal, from patients with osteoporosis (OP), and from patients with chronic renal faUure CRF)] was controUed by 
measunng removed fragments by spcdfic radioimmunoassays. Several combinations of depletions foUowed by radioimmunoassays were 
used to measure osteocalcin fragments. / c 

*»Not detectable. 
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mcnt and passaged at a ratio of i:8 once a week. Human 
osteoblast-like ceils were derived from human cancellous 
bone explants. The bone specimen was collected from long 
bone of a male patient undergoing surgery for treatment of 
traumatic fracture. The bone explant was processed as pre- 
viously described. <»> Confluent cells (MG-63 or human 
osteoblast-Uke ceils) were washed twice with a FBS-free 
growth medium and preincubated with the same medium 
supplemented with 0.5 BSA and 10 nM l,25-(OH),D, 
for 24 h. The incubation started by replacing this medium 
and was stopped at appropriate dmes by removing the 
supematont stored at -80'C. Intact osteocalcin and N-ter- 
minal midfragment were measured in cell culture supema- 
tants with RIA A and B (Tabic 1). 

Effect of treatment with pamidronate on the intact 
osteocalcin and N-terminal midfragment levels 

Intact osteocalcin and N-terminal midfragment were 
measured in the scrum of seven patients with active Pagct's 
disease, eight patients with reflex sympathetic dystrophy, 
four patients with fibrous dysplasia, and four patients with 
osteoporosis before and after a 3 day intravenous treat- 
ment with pamidronate (60 mg/day, i.e., 180 mg total). 

Statistical analysis 

Results are expressed as mean ± standard deviation 
(SD). A nonparametric Mann- Whitney U test was used for 
comparis on of two means._and the. Wilcoxon. /-test-was 
used for the comparison of paired values. 

RESULTS 

Osteocalcin immunoreactive forms in the sera of 
adults and of patients with metabolic bone disease 

Intact osteocalcin and fragments were measured in 
pooled serum from healthy adults and patients with meta- 
bolic bone disease using depletions of scrum followed by 
specific RIA. The molar concentration and the proportion 
of the different osteocalcin immunoreactive species as- 
sayed in pooled sera are shown in Table 4. In normal 
adults, intact osteocalcin and N-terminal midfragment rep- 
resent the main circulating osteocalcin species at about the 
same level (2-2.6 nM). Results obtained in II individual 



scrum samples from healthy volunteers were similar to 
those observed for the pool of normal sera (intact osteocal- 
cin, 1.89 ± 0.64 nM; N-terminal midfragment, 1.57 ± 
0.55 nM; data not shown). In patients with osteoporosis, 
the levels of the different immunoreactive forms were simi- 
lar to those observed for normal subjects (Table 4). Intact 
osteocalcin and fragments were increased in patients with 
chronic renal failure (Table 4). T he N-term inal midfrag- 
MCTcascOn_J|ad with Paget'rdi^sc~{4.7 
2.i4jaM jn_controls;_datai^^ its 
Percentage of intact pstepcaldn was not significantly 
?*^J5^-{^1 versus 83*9b for oantrols, data not shown). 
This large fragment was especially accumulated in patients 
with chronic renal failure, with a sixfold increase above the 
normal concentration (13.4 0.36 nM versus 2,14 ± 0.08 
nM for normals). In this disease, this peptide represents 
about 50% of the total osteocalcin level (Table 4) and 
J^3% of the intact osteocalcin values. Exogenous 43-49 
osteocalcin synthetic peptide, diluted in assay buffer, was 
detected by RIA F (Table 2) using MoAb 43-49 and 43-49 
osteocalcin BSA as tracer with a sensitivity of 0.32 ng/ml. 
However, when this peptide was added at different con- 
centrations to serum, we failed to detect it (data not 
shown). This very short peptide is probably quickly de- 
graded in serum. 

In vivo generation of N-terminal midfragment 

In plasma assayed within 20 minutes after blood sam- 
pUng, the N-tcrminal midfragment represented 76 Vo"of the — 
intact osteocalcin level (Table 5). The same proportion was 
observed in serum taken by a standard procedure. Further- 
more, proteinase inhibitors had no effect on the levels of 
osteocalcin immunoreactive forms measured in plasma 
within 20 minutes after blood drawing (Table 5). 

Degradation of intact osteocalcin in vitro and 
generation of N-terminal midfragment 

We studied the in vitro proteolytic degradation of intaa 
osteocalcin and the generation of the N-terminal midfrag- 
ment by incubating 10 normal scrum samples at room tem- 
perature for 2 h with or without proteinase inhibitors. In- 
tact osteocalcin levels were decreased by about 17% (p < 
0.001 versus /o. Table 6), whereas the total level of intaa 
osteocalcin plus N-terminal midfragrnent measured with 



Table 4. Serum Levels op Osteocalcik Immiworeactivb Forms in Normal Adults Km Patients 

WTTH MeTABOUC BONE DISEASE ^ 



Subjects 



Intact 
(nM) 



N^terminai 
(nM) 



Mid 
(nM) 



N'terminai mid 
(nM) 



Mid C'terminal 
(nM) 



Normal 
Osteoporosis 
Chronic renal failure 



2,59 (36.4)b 
(3^4(46.2) 
r6.'54 (26.3) 



0.99 ± 0.33 (13.9) 
0.37 ±0.11 (5.5) 
2.06 ± 0.22 a.8) 



1.04 ± 0.15 (14.6) 
0.66 ± 0.05 (9.7) 
2.38 ± 0.26 (8.9) 



2.14 ± 0.08 (30.0) 
(2.22 ± 0.02 (32,7) 
(13:3f'± 0.36 (50.6) 



0.36 ± 0.05 (5.1) 
0.4 ± 0.07 (5.9) 
1.68 ± 0.05 (6.4) 



For each pool (oae pool of 15 sera from normal adults, patients with osteoporosis, and patients with chronic renal failure^ At^\^irsr.. 
and assays were performed three times. The results represent mean ± SD of Uie three rum ^' depieuoos 

»>Perccntage of the total osteocalcin level. 
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Table 5. N-Tbrminai, Mid Fraomhnt in thb CntcxnATioN 



Sampling procedure 


n 


Serum osteocalcin (rtg/ml) 
Intact N'terminal mid 


Fragment (% of intact) 


Plasmaa 










Without proteinase inhibitors 


6 


11-0 ± 3.4 


8.0 ± 1.5 


76 ± 13 


With proteinase inhibitors 


6 


10.2 ± 2.8 


8,2 ± 2.3 


80 ± 7 


Standardt> 


19 


13.7 ± 4.5 


10.1 ± 2.9 


76 ± 12 



"Plasma samples were taken on ice, immediately centrifuged, and assayed within 20 minutes. 
*>Standard sampling: blood was taken tn tube containing agar-agar, allowed to stand for 60 minutes at 4*C, centri- 
fuged for 10 minutes at 1000 x g, and immediately frozen at -80"C. 



Table 6. In Vitro Proteolytic Degradation of Intact Osteocalcin 
AT Room Temperaturb^ 







Incubation time 








2 h Proteinase inhibitors 




Oh 


Without 


With 


Intact osteocalcin 

ng/ml 

9» Loss 
Intact -h N-tenninal mid 

ng/ml 


15.1 ± 4.7 
24.9 ± 7,5 


12.6 ± 4.8b 

17b 
23.8 ± 7.4 


14.2 ± 4.7 
25.6 ± 7.7 


*7o Loss 




4 


0 



* Blood was drawn from 10 normal volunteers under standard sampling procedure (fro- 
zen within 1 h 30 minutes), thawed, and assayed immediately or after incubation for 2 h at 
room temperature with or without proteinase inhibitors. 
< 0.001 versus r». 

^p < 0.005 versus without proteinase inhibitors (0.2 M «-aminocaproic acid, O.OI M 
benzamidine. 0.001 M PMSF and 0.02 M iV-ethytmaleimnude). 



assay B was not significantly changed (-4%). With pro- 
teinase inhibitors, the intact osteocalcin loss was signifi- 
cantly reduced (-6 versus - 17*70 without proteinase inhib- 
itors, p < 0.005). Table 7 shows the levels of intact osteo- 
calcin, intact osteocalcin plus N-terminal midfragment, 
and immunoractive osteocalcin measured with a conven- 
tional RIA (RIA osteocalcin) after various incubation 
times at room temperature. Figure 2 shows the percentage 
of these various osteocalcin levek before and after 1, 3, 5, 
and 24 h of incubation at room temperature (Fig. 2A) and 
at 4**C (Fig. 23). After 3 h of incubation at room tempera- 
ture, the total osteocalcin (intact osteocalcin plus N-termi- 
nal midfragment) level was not significantly changed (96'7o 
of the initial values), whereas about 20Vo (range ll-31Vo) 
of intact osteocalcin and 15% (range 10-229b) of the RIA 
osteocalcin were lost (Fig. 2A and Table 7). The decrease 
in intact and RIA osteocalcin levels reached 30% (range 
21-37%) and 24Vo (range lC>-30Vo), respectively, after 5 h 
and 70 and 55 Vo, respectively, after 24 h of incubation at 
room temperature (Fig. 2A and Table 7). Maintaining 
serum at 4*'C reduced degradation of the intaa and RIA 
osteocalcin levels in vitro (6 and 3%, respectively, after 3 



h), and after 24 at 4'*C, the loss was the same as that ob- 
served after 3 h of incubation at room temperature (20Vo; 
Fig. 2A and B). In contrast, the level of intact osteocalcin 
plus N-terminal midfragment was more stable at room 
temperature (-20Vo after 24 h. Fig. 2A) and at 4'C (-2Vo 
after 24 h; Fig. 2B). 

Intact osteocalcin and N-terminal midfragment in 
the supernatant of osteoblastic cells 

We measured intact osteocalcin and N-tenninal midfrag- 
ment in the supernatant of MG-63 osteosarcoma cells and 
human osteoblast-like cells in the presence of 1,25- 
(OH)»D, (10-* M). Figure 3A shows that intact osteocalcin 
and N-terminal midpeptide were detected in the culture 
medium of MG-63 cells as early as 6 h, the fragment repre- 
senting about 28<7o of the intact osteocalcin level. In addi- 
tion, the two osteocalcin forms increased in parallel with 
culture time. After 18 and 24 h the two species were pres- 
ent in the supernatant of himian osteoblast-like cells, the 
N-terminal midfragment representing about 40% of the in- 
tact osteocalcin level (Fig. 3B). 



IMMUNOREACnVE FORMS OF CIRCULATING OSTEOCALQN 



261 



Table 7. Osteocalcin Levels Measured with Three Different RADiooiMUNOASSAYs After Incubattok 

AT Room Temperature a 



Incubation time (h) 





0 


/ 


3 


5 


24 


Intact osteocalcin, ng/ml 
Intact osteocalcin 
+ N-terminal midfragment, ng/ml 
RIA osteocalcin, ng/ml 


12.5 ± 4.0 

21.0 ± 5.6 
9.4 ± 2.2 


11.6 ± 3.8 

20.8 ± 5.4 
8.7 ± 2.0 


9.9 ± 3.3 

20.3 ± 5.7 
8.0 ± 1.9 


8.7 It 3.0 

18.8 ± 6.1 
7.2 ± 2.2 


4.0 ± 1.9 

16,8 ± 5.3 
4.3 ± 1.6 



■Eight normal human serum samples were incubated for 1, 3, 5» and 24 h at room temperature. Osteocalcin was measured with assay A 
(intact osteocalcin), assay B (intact osteocalcin + N-terminal midfragment), and with a conventional bovine radioimmunoassay (RIA 
osteocalcin). 



H tmact osteoealeln 4. hMemilnaMAld fragment 
ZZ Intact osteoealcin 
■ RIA osteocalcin 




1 3 . 5 24 1 3 5 24 

Tlm«(hr) Tlrm(hr) 

FIG. 2. In vitro proteolytic degradation of intact osteocalcin at room temperature (A) and at 4*'C (B). Eight normal hu- 
man scnmi samples were incubated for 1, 3, 5, and 24 h at room temperature (A) and at 4°C (B). Osteocalcin was mea- 
sured with assay A (intact osteocalcin), assay B (intact osteocalcin plus N-terminal midfragment), and a conventional bo- 
vine radioimmunoassay (RIA osteocalcin). Data are expressed as the percentage of levels measured without incubation. 
Bars represent mean ± SD. 



Effect of the treatment with pamidroinate of 
patients with metabolic bone disease on the intact 
osteocalcin and N-terminal midfragment 
serum levels 

Patients with various metabolic bone diseases were 
treated for 3 days with pamidronate, and serum intact 
osteocalcin and N-terminal midfragment were measured 
before and after treatment (Table 8). After 3 days of treat- 
ment the N-terminal midfragment level was not signifi- 
cantly changed for all diseases. 



DISCUSSION 

Few previous reports have studied the immunoreactive 
osteocalcin fragments that circulate in addition to the in- 
tact molecule. Two studies, using high-performance liquid 
chromatography fractionation of senmi followed by RIA 
of the fractions have described the presence of multiple im- 
munoreactive osteocalcin fragments of low molecular 
weight in patients with chronic renal failiire*" ''* and 
Paget's disease, which have been speculated to be re- 
leased during bone resorption. Using a midmoiecule 
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■ intact 
osteocalcin 

N-terminal-Mid 
^ fragment 




6 12 24 48 18 24 

Time (hr) Time (hr) 



FIG. 3, Time-dependent appearance of intact osteocalcin and N-tenninal mldfragment in the supernatant of MG-63 
cells (A) and human osteoblast-like ceils (B). Ceils were incubated in FBS-free growth medium supplemented with 0.5<7o 
BSA and 10 nM l»25-(OH)iD). Cell media were removed at different times. Intact osteocalcin was measured with assay A 
and N-terminal midfragment with assay B (intact osteocalcin plus N- terminal midfragment) after removing intact osteo- 
— calcin by depletion with MoAb"43^9, Points represent mean ± SD"of three separate~expcriments. '~ 



Table 8. Short-Term Effect of IV PAMmaoNATE Treatment ok the Cirotlating Levels of Intact Osteocalcin and 
N-Tbrminal Midfragment in Patients wtth Metabouc Bone Disease « 



Subjects 


n 


Intact qsteocaicin (ng/ml) 


N'terminal-midfragment (ng/ml) 


pb 


Before treatment 


After treatment 


Before treatment After treatment 


Paget's disease 


7 


17.5 ± 6.3 


20.3 ± 6.6 


16.2 ±: 6.7 . 18.8 ± 7.4 


NS 


Reflex sympathetic dystrophy 


8 


13.4 ± 5.7 


11.0 ± 4.5 


18.6 ± 9.0 16.8 ± 5.6 


NS 


Fibrous dysplasia 


4 


25.5 ± 13.2 


27.4 ± 16.0 


37.1 ± 16.3 36.7 ± 15.9 


NS 


Osteoporosis 


4 


9.6 ± 1.2 


9.8 ± 4,2 


11.2 ± 1.7 11.4 ± 4.8 


NS 



•Patients with metabolic bone disease were u^ted by 60 mg/day of the btsphosphonate pamidroaate for 3 days. Blood was taken be- 
fore and after treatment on day 4, and intact osteocalcin was measured with radioimmunoassay A (intact osteocalcin) and N-terminal 
midfragment with radioimmunoassay B (intact osteocalcin plus N-terminal midfragment) after depletion in intact osteocalcin by incuba- 
tion with monoclonal andbody 43-49. Mean ± SD. 

bAfter treatment versus before treatment for inuct osteocalcin and N-terminal midfragment. 



osteocalcin RIA, Taylor et al.***' described immunoreac- 
tive fragments in normal and pathologic senmi and urine 
samples. In addition » osteocalcin-related peptides found in 
the serum of patients with chronic renal failure correspond 
to some of those found in normal serum and urine, indi- 
cating that some fragments are generated in the circulation 
before renal clearance,*"* Recently, Tracy et al.,*"* using 
a MoAb-based RIA, also reported the presence of low-rao- 
lecular-weight osteocalcin fragments in normal serum that 
were not related to bone resorpdon. None of these studies 



provided information about the structure and origin of 
these fragments, and our work is the first comprehensive 
characterization of the various immunoreactive forms of 
circulating human osteocalcin. Using three MoAb recog- 
nizing regions that span the linear sequence of osteocalcin, 
specifically 5-13 (N-terminal), 25-37 (mid), and 43-49 (C- 
terminal) in several RIA, we detected four fragments, that 
is, N-terminal, mid, N-terminal mid, and mid C- terminal, 
in the serum of normal adults and patients with metabolic 
bone disease. We cannot exclude the presence of other 
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fragments resulting from cleavages at sites other than pep- 
tide bonds between amino acids 19-20 and 43*44, in addi- 
tion to those we detected, although these two bonds are 
the most likely sites of cleavage from the sequence. »»»» The 
C-terminal fragment was indetccuble in scrum with a spe- 
cific RIA for the 43-49 synthetic peptide, suggesting that 
this very short fragment is rapidly degraded in scrum and 
excreted from the circulation. N-terminal, mid, and mid 
C-tcrminal fragments, resulting probably from the cleav- 
age of the 19-20 peptide bond, were deterted in minute 
amoxmts compared to that generated from the osteocalcin 
breakdown in the 43-49 position, that is. the N-terminal 
midfragment. It is likely that the 19-20 arginine-arginine 
bond is less sensitive to proteolytic cleavage than that 
found in the 43-49 position.. According to the model pro- 
posed by Hauschka et al,'»» the former is engaged in a gla 
helix, whereas the latter is situated in the COOH-terminal 
0 sheet, which is probably more accessible to proteolytic 
degradation. The N-terminai midfragment is the more 
prominent: it was detected in large amounts in normal and 
pathological serum, and there is some evidence that its 
levei is not overestimated. This peptide was measured with 
assay B, using intaa human osteocalcin as a standard, 
after depletion of serum in intact osteocalcin with MoAb 
43-49. We previously showed* "» that for assay B, the re- 
covery of intact human osteocalcin spiked in normal hu- 
man scrum (containing a large amount of N-terminal mid- 
fragment) was very good (ranging from 96 to 103 <9b). This 
suggests that this assay recognized intact human osteocal- 
cin used as a standard and N-terminal midfragment with 
the-same affinity. Thus,- the levels of N-terminal midfrag- 
ment were accurate and may be compared to those of in- 
tact osteocalcin. 

To investigate whether these immunoreactive osteocalcin 
forms are generated in vivo, we measured the most abun- 
dant N-terminal midfragment in plasma taken under con- 
ditions avoiding any in vitro proteolytic degradation. As- 
saying plasma within 20 minutes after sampling in the pres- 
ence of proteinase inhibitors, this fragment still repre- 
sented 76Vo of the intact osteocalcin level, indicating that it 
circulates in vivo. In addition this fragment was detected in 
the supernatant of MG-63 cells and human osteoblast-like 
cells. Thc^N-tenninal, midfragment _may-be_ secreted by 
o^eoblastic cells after intracellular ^processing of thcH^t 
Pjo^gi" si nce therje_ is . np_eyidcnce _f oc_sites_Ieading,t 
mRNA other than that for i ntact molecu le in the hu man 
osteocalcin genel^*' and/or "generated from proteolytic 
de^adation of the 49-residue mature protein in the culture 
media. Several previous studies have s hown thaLJio osteo- 
g^lgjnrrgatgdjagptides are deteGted-afterxdntroil^d extrac- 
tLonoTbo yine or human bQn g,*^"»J" whereas several frag- 
ments have been described in normal and pathologic sc- 
rmn(i5.it.i», suggesting that osteocalcin is metabolized in 
the circulation after secretion of the intact protein by 
osteoblasts in the bone. Levels of N-terminal midfragment 
were not altered after treatment of patients with various 
metabolic disease (Pagefs disease, osteoporosis, reflex 
sympathetic dystrophy, and fibrous dysplasia) with the bis- 
phosphonate pamidronate. a potent and specific inhibitor 
of bone resorption, suggesting that this large peptide is not , 
released into the circulation during osteoclastic degrada- 
tion of bone matrix. 



After incubating normal serum at room temperature for 
various times, we observed a continuous decrease in osteo- 
calcin levels measured with the IRMA for the intact mole- 
cular and with a conventional bovine RIA. whereas the 
total intact osteocalcin plus N-terminal midfragment level 
was not significantly altered until 24 h of incubation. This 
intact osteocalcin degradation was partially inhibited by 
proteinase inhibiton and by keeping serum at 4*C after 
sampling. This sugge sts thax jntaft fjctJw^ffHn-tvrapfdly 
d egraded in vitro at room temperature by proteolytic 
cleavage, genoating mainly the large . N-terminal nudfrag - 
ment. In a^amon. the RIA osteocalcin level was about 
two- to threefold lower than intact osteocalcin plus N-ter- 
minal midfragment serum level and decreased rapidly after 
incubation of serum at room temperature, suggesting that 
conventional bovine RIA recognize preferentially the in- 
tact molecule and poorly the large N-terminal midfrag- 
ment. These results are in agreement with our previous 
siudyt"> and with the results of Price and Nishimoto*'» 
who showed that the 1-40 peptide derived from a carboxy- 
pcptidase Y digestion was not detected by another bovine 
RIA and that the COOH-terminal region was required for 
osteocalcin recognition by that polyclonal antiserum. This 
in vitro proteolytic degradation of osteocalcin due to in- 
adequate sampling procedures probably explains some dis- 
cordant previous results obtained with conventional RIA. 

In all j)ooled serum sampte, the N-termirai_midfrag- 
mcnt was the mosj^abundant._representing>bout 30% of 
dhie total osteocalcin level in normal adults andlpatients 
wCh^Osteoporosis a^^^ chronic renal 

^ajlure.^In^atigiu y osteoporosis, the 

concentration of the various qstcTOddn-imnnmoreactive 
f orms were the sam e as those obsCTv«i lii" co 
whereas -they jvere mcrwa^ jn"j3a^e^^ 
_«l?«_aJi4_chronic^nal failure because of an increase in 
bqne-tuniovcr. fi paaenii~\mh~aird renal 
failure, the N-terminal midfragment was accumulated over 
the others (sixfold the normal concentration), probably be- 
cause the renal clearance of this large fragment is altered in 
this disease. 

In conclusion, we characterized multiple serum osteocal- 
cin immunoreactive fragments using specific RIA and de- 
pletions. Among the inununoreactive forms, the N-tcrmi- 
nal midfragment was the most abundant. These fragments 
circulated in the scrum of normal adults and patients with 
metabolic bone disease probably generated from proteo- 
lytic degradation of the intact molecule in the circulation. 
In addition, they can also be obtained in vitro from the 
degradation of intact osteocalcin, which appears to be a 
very unstable peptide. To obtain accurate and reliable 
osteocalcin levels measured either with an IRMA specific 
for intact osteocalcin or with conventional RIA, it is neces- 
sary to control the sampling conditions, including main- 
taining blood samples at 4''C immediately after sampling 
and freezing serum or plasma within 1 h. 
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